ABSTRACT Because of consumers' preferences and also due to changes in production systems, the importance of pure breeds has increased again. There are a lot of differences among breeds which have been studied extensively, however, the differences during the incubation period are not yet fully known. Therefore, the present study was conducted to evaluate the composition of the egg parts, absorption of nutrients, and development of embryos from different genotypes. A total of 354 fresh hatching eggs were obtained from one hybrid (Lohman White, LW) and two pure breeds (Denizli and Gerze). Hatching eggs from each genotype were examined on the day of setting for egg analysis and then at the beginning of the embryonic d 19 (E19) and embryonic d 21 (E21) for egg, embryo, jejunum, and tibia analysis. On d 21 of incubation, the healthy chicks were removed and weighed. Egg weight, shell thickness, percentages of albumen, and some parameters of albumen composition (dry matter, water, ash, protein, energy, Na, Ca, K, and Mg) were higher in fresh eggs obtained from LW hens. Furthermore, the relative yolk sac and embryo weight, some yolk parameters (dry matter, water, protein, fat, and energy) and some shell parameters (dry matter, ash, Na, Ca, and K) were also higher in eggs obtained from LW hens during incubation. However, tibia deformation and villus width were lower in LW embryos than the other genotypes. Relative chick weights were 68.9, 72.0, and 68.0% in LW, Denizli, and Gerze genotypes, respectively. During incubation, differences in all examined parameters were significant except thickness and weight of shell, tibia deformation, and crypt depth. Yolk sac weight, some yolk composition parameters, K level in the shell, Cu level in the tibia, and villus height were also affected by genotype and period interaction. Based on these results, LW was found advantageous in terms of egg composition, however, regarding villus development and tibia deformation in embryos during incubation, pure breeds showed better results.
INTRODUCTION
Chick embryo derives all its nutrient requirements during incubation from the shell, albumen, and yolk. Therefore, egg composition is important for embryonic growth. Also, optimum embryo development reflects quality, health, production, and welfare of chicks during the post-hatch life (Vieira, 2007; Yadgary et al., 2010; Uni et al., 2012; Şahan et al., 2014) . The egg is a simple structure with 3 major components which are the shell, albumen, and yolk (Vieira, 2007) . The egg shell contains mostly minerals, while the albumen contains water, protein, and minerals, and the yolk contains water, C 2017 Poultry Science Association Inc. Received March 7, 2017 . Accepted June 15, 2017 1 Corresponding author: onbasilar@ankara.edu.tr protein, fat, carbohydrates, and minerals (Yair and Uni, 2011; Uni et al., 2012) . Nutrients are absorbed from the yolk sac (YS) via 2 routes. The first is absorption by endocytosis through the yolk sac membrane (YSM) directly into the blood. The second route is directly from the yolk to the intestine. The absorption and utilization of nutrients by the embryo from the shell, albumen, and yolk depend on breeder age (Yadgary et al., 2010) and the strain of the broiler or layer (Nangsuay et al., 2015) . The YSM consists of a vascular system to transport nutrients within the yolk to the developing chick (Bellairs and Osmand, 2005) . During the late embryogenesis, the yolk sac decreases in size and the small intestine becomes more developed as the embryo prepares to absorb nutrients from the intestinal lumen (Weintraut et al., 2016) . Sklan (2004) reported that on d 16 of embryonic age, villus appears in the small intestine. Maturation of the small intestine is characterized by increased intestine weight, villus number, and size, intestinal enzyme activity, and increased nutrient transporter activity (Yalçın et al., 2013; Miska et al., 2014) . Small intestine and YSM are similar in action, such as the villi, which increase the number of functioning cells, the surface area for digestion and absorption, and the number of blood vessels for delivery of nutrients to the embryo (Uni et al., 2012) .
Animal biodiversity management has become an important issue because of changes in large-scale production systems (Zanetti et al., 2010 ). An increasing consumer interest is being focused on the well-being of animals and on their rearing conditions (Rizzi and Chiericato, 2010) . The use of pure breeds is preferred because of the changed production system (Rizzi and Chiericato, 2005) . Pure breeds seem to have the advantage of being well adapted to the local stressful conditions in rural areas such as high temperature, serious disease problems, poor farming hygiene, and unbalanced diets (Raach-Moujahed and Haddad, 2013) . No studies were found examining the differences in embryonic period of pure breeds and hybrids. Therefore, this study was proposed to determine the composition of the egg parts, absorption of nutrients, and development of embryos from different white layer genotypes (Denizli and Gerze as local Turkish breeds and Lohman White (LW), a commonly used layer hybrid) during incubation.
MATERIALS AND METHODS
This study was approved by Ankara University Animal Care and Use Committee (2015/5/101). A total of 354 hatching eggs were obtained from 3 different layer breeder genotypes (Denizli, Gerze, and LW) at 29 wk of age on the same days. Denizli and Gerze are Turkish native chicken breeds which lay eggs with white color shells. LW is a commonly used layer hybrid and also lays eggs with white color shells. The breeder flock diets are given in Table 1 . The 3 genotypes were kept under the similar management conditions approved for layer breeders. Eggs were stored for 3 d at 20
• C and 60% RH. All eggs were numbered and weighed.
Incubation
Eggs from each genotype were incubated in the same incubator (Ç imuka Incubator, Ankara, Turkey) at 37.7
• C, 53% RH and were turned until 18 d of incubation. A total of 6 incubator trays were used. An equal number of eggs from each genotype were randomly placed in the incubator trays. On d 18, all eggs were transferred to the hatcher (Ç imuka Incubator, Ankara, Turkey) at 37.5
• C and 70% RH. On d 21 of the incubation, the healthy chicks were removed and weighed. 
Fresh Egg Sampling
Twelve fresh eggs from each genotype were taken for analysis before incubation. Shell thickness without membranes was measured from 3 different parts (upper and lower ends and middle) using a micrometer (Mitutoya, No: 1044 N, 0.01 to 5 mm, Kawasaki, Japan). Shell, yolk, and albumen were weighed and each part of egg was homogenized and stored at −20
• C for further analyses.
Egg, Embryo, YS, Small Intestine, and Tibia Sampling
Twelve eggs from each genotype were selected at the beginning of 19 and 21 d of incubation. The eggs were weighed and opened. Egg shells without membranes were weighed and their thickness was measured using the same procedure as for fresh eggs. Embryos were sacrificed by cervical dislocation and subsequently the YS, small intestines, and both tibia were dissected from each embryo. The weights of YS and embryos were recorded. Tibias from each embryo were stored at −20
• C for further analyses. A 1 cm segment of each small intestine was removed from the same middle region of the jejunum for the histomorphometrical analysis.
Analyses of Egg, YS, and Tibia Composition
Dry matter and ash in the tibia and egg shell; dry matter, ash, protein, and lipid in the yolk and YS, and dry matter, ash, and protein in the albumen were determined according to the AOAC (2000) methods. Energy levels in the yolk, YS, and albumen were calculated using the specific Atwater factors (FAO, 2003) . For the determination of mineral levels (Zn, Cu, Mn, Fe, Na, K, Ca, and Mg), samples from shell, yolk, albumen, YS, and tibia were analyzed using an ICP-OES (Perkin Elmer Optima DV 2100 Model, Dual View, Perkin Elmer Life and Analytical Sciences, Shelton, CT, Boss and Fredeen, 2004) .
Histomorphometrical Analysis of Jejunum and Tibia Analysis
Samples from the small intestine were immediately fixed in 10% neutral buffered formalin for 24 h before processing. They were rehydrated in a graded alcohol series, xylol, and then embedded in paraffin. Sections of 5 μm size were cut with a microtome and mounted on microscopy slides. Slides were stained with hematoxylin and eosin and following measurements were performed on each slide: villus height, width, and crypt depth using a microscope (Olympus BX51-DP71, Tokyo, Japan) with Cellsens programs (CS-ST-V1.8).
Maximum force and deformation values of the tibia were determined by 3-point bending with Material Testing Machines (Instron 5944, Norwood, MA, USA) using Instron Plus software (Jiang et al., 2013) .
Statistical Analysis
Data were analyzed by IBM SPSS Statistics version 22.0. Data were tested for distribution normality and homogeneity of variance. One-way ANOVA was used to determine the differences among genotypes in egg weight, shell thickness, albumen composition, percentages of yolk, albumen, and shell, chick weight, and chick percentages. Two way ANOVA (Univariate General Linear Models, full factorial) was used for all data in order to test for main and interactive effects of genotype and period. Tukey test was used when a significant difference was found among groups for post hoc multiple comparisons. Statistical significance was taken as P ≤ 0.05 (Dawson and Trapp, 2001 ).
RESULTS AND DISCUSSION
The means of fresh egg weight and shell thickness were highest in the LW hens among examined genotypes at the same ages (Table 2) . LW is a laying hybrid and it was selected for its better egg weight and quality while Denizli and Gerze are pure breeds. In the present study, genotype affected the relative yolk and albumen weights. At the same age when compared to pure breeds, eggs obtained from LW hens had higher and lower relative albumen and yolk weights. However, relative shell weight of eggs obtained from the three genotypes showed no significant difference ( Table 2) .
The albumen composition of egg plays an important role during embryonic development. Not only for formation of sub-embryonic fluid, but also because albumen proteins are used for embryonic tissue synthesis (Willems et al., 2014) . Albumen compositions of fresh eggs obtained from three genotypes are given in Table 3 . This study showed that the content of albumen was influenced by genotype. Dry matter, ash, protein, and energy values of fresh albumens were higher in eggs from LW hens than those obtained from Denizli and Gerze hens. Higher energy values of fresh albumens from LW hens were due to their higher dry matter. Egg albumen is one of the important compartments with mineral deposits on which embryo relies for its mineral nutrition (Uni et al., 2012) . In this study, Cu, Fe, Mn, Zn, and P values from the fresh albumens of examined genotypes showed no significant differences. However, Na, Ca, K, and Mg were higher in albumen of eggs from LW hens than those which were obtained from Denizli and Gerze breeds. During incubation, shell thickness was highest in the eggs obtained from LW (Table 4) . Length of embryo did not differ in the genotype groups; however, relative weight of yolk free embryo was lower in the LW as compared to others. This result is caused by the low intake of yolk in LW embryos during incubation. There was no difference in relative shell weights from different genotype groups during the incubation. Relative yolk sac weights examined on 21 d of embryonic age was higher (P < 0.05) in LW embryos than Denizli. Yolk is of vital importance for embryo development and is a source of nutrients for embryo tissue growth (Speake et al., 1998) . The present study demonstrated that genotype had affected the relative embryo and yolk sac weights (P < 0.05). A significant interaction between genotype and period was found for relative yolk sac weight. Withdrawal of the yolk sac into the abdomen of the embryo before hatching provides nutrients to the newly hatched chicks during the first few days of life. At hatch, chick weight is a combination of the real chick weight and the residual yolk sac weight (Meijerhof, 2009) .
Yolk composition of eggs during incubation is presented in Table 5 . Effect of genotype on dry matter, water, protein, fat, and energy contents of yolk were found to be significant and the amount of these nutrients in the yolks of eggs obtained from LW hens were higher. However, there were no distinct differences among the examined mineral concentrations in egg yolks from different genotypes. As expected, period had affected (P < 0.001) the yolk composition because of its utilization by the developing embryo. Genotype and period interaction was important for the dry matter, water, protein, fat, energy, Na, Ca, and Mg levels of the yolks. Additionally, these nutrients were rapidly consumed by the Denizli and Gerze embryos from d 1 of setting until beginning of embryonic d 21 (E21), as compared to LW embryos. During the incubation, the amount of dry matter, water, protein, fat, energy, Na, Ca, and K levels of yolk obtained from LW hens decreased by 50, 51, 24, 60, 51, 44, 46, and 39% respectively. In the yolk obtained from Denizli hens, the amount of dry matter, water, protein, fat, energy, Na, Ca, and K levels decreased by 79, 80, 68, 83, 79, 82, 73 , and 80% respectively. In the yolk obtained from Gerze hens, the amount of dry matter, water, protein, fat, energy, Na, Ca and K levels decreased by 72, 71, 59, 77, 73, 72, 68 , and 75% respectively. These findings indicated that embryonic metabolism was higher in the Denizli and Gerze embryos, and also that they rapidly consumed the Ca, P, and Mg than LW embryos. Energy supplies required for hatch were very limited for Denizli and Gerze embryos as the energy levels were very low at the beginning of the E21. Also, these results showed that LW embryos were more efficient in their utilization of the available nutrients. The egg shell, like the yolk and albumen, is also an important mineral reserve for the embryo (Uni et al., 2012) . It was observed that genotype had affected the dry matter, ash and Na, Ca, and K levels of the shell, and their values were higher in the egg shells obtained from LW hens. Shell compositions showed changes from d 1 of setting to beginning of E21 (Table 6 ). From d 1 of setting to the beginning of E19, the K level in the shell was affected by genotype and period interaction because; it was consumed rapidly by the LW embryos than the embryos from other genotypes.
In modern systems, laying hens which are genetically selected for their high production face some skeletal structure problems. Among these, leg problems are the major causes of economic losses in the poultry house (Sullivan, 1994) as well as increasing welfare concerns (Yair et al., 2015) . Generally, nutritional factors as well as management factors (Favero et al., 2013) and incubation conditions (Van der Pol et al., 2014) affect the leg problems in poultry. Yair et al. (2017) reported that both egg size and the embryo's genetic potential affect bone properties. Table 7 presents the tibia compositions on E19 and E21. No significant differences were observed among genotype groups regarding mineralization in tibia of embryos. Between E19 and E21, an increase in mineralization in tibia of examined embryos was observed. Genotype and period interaction was important only for Cu in tibia of embryos from LW. From E19 to E21, Cu mineralization in tibia of LW embryos was higher than the other genotypes. Cu is part of the linkage between elastin and collagen, which gives the bone strength (Oliveira et al., 2015) .
Minerals such as P, Zn, Cu, and Mn are important for bone development during the embryonic period and post-hatch (Dibner et al., 2007) . Nevertheless, the mechanical function of the bone is not only determined by its composition, but also by its structure and confirmation (Shair et al., 2008; Oliveira et al., 2015) . There was no significant difference for maximum force applied on tibias of different genotypes. However, the deformation of tibia when applied maximum force was lower in LW hens, thus, indicating the high fragility of bones in this hens. From E19 to E21, only the maximum force applied was more and no change in bone deformation was observed with period (Table 8) .
Genotype had no significant effect on villus heights of embryos; however, it significantly affected the villus width and crypt depth of embryos between E19 and E21. Villus width was lower in LW embryos than Denizli and Gerze embryos. Bohorquez et al. (2011) reported that emergence of villus begins during the second half of incubation. Therefore, incubation period is also important for villus development of embryos. It was showed that villus development of hybrid embryos was not as good as that of pure breed embryos. The villus area is linked with the absorption capacity of the enterocytes and the presence of short villus will decrease the surface area for nutrient absorption (Parsaie et al., 2007) . Early intestinal development is essential for chicken embryos to fulfill the maximal growth potential of the newly hatched chick (Cheled-Shoval et al., 2011). Nutrient digestion and then absorption into developing and growing tissues depend directly on the functional capabilities of the intestine and therefore early development of intestine is of great importance. This development in the pre-hatch period contributes to the post-hatch digestive capacity (Uni et al., 1995; Sklan, 2001 ). Genotype and period interaction was also important for villus height. Villus height of LW embryos increased at a lower level from E19 to E21 than that of Denizli and Gerze embryos. Also, height and depth of villus increased with embryo development (Table 9) . Chick weight and relative chick weight were significantly affected by genotype (P < 0.001, Table 10 ). Chick weights were higher in LW chicks due to their higher hatching egg weights. However, relative chick weight was higher in Denizli chicks.
Based on the results obtained, it was concluded that LW was advantageous in terms of its egg composition and it consumed yolk composition efficiently; however, regarding villus development and tibia deformation of embryos during incubation, it lagged behind the pure breed embryos. Villus development and tibia deformation should be considered during genetic selection for layer hybrids. Further research to determine the optimal selection criteria for improved villus development and tibia deformation in the white layer hybrids, should be considered. 
